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[Title of the Invention] Picture Reader, Picture Reading 
Method and Recording Medium 
[Abstract] 

[Problem(s) to Be Solved] To always stably achieve high 
gradation and reproducibility even if an output level of an 
image sensor fluctuates due to a use environment change or due 
to age deterioration 

[Means for Solving the Problem( s ) ] A control part 10 is 
arranged as follows. When read operation of an original is 
executed, a reference white base is read for each of light 
sources 3,4, and 5 prior to starting the original read operation. 
At this time, it is verified whether or not a maximum value of 
picture data outputted from an A/D converter 16 falls within 
a predetermined range. If the maximum value is outside the 
predetermined range, a light quantity of a light source which 
is outside the range is adjusted again. With this arrangement, 
even if an output level of an image sensor 14 fluctuates dueV 
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to a change in equipment use environment or due to age 
deterioration, such fluctuation is corrected whenever the 
original is read, whereby the maximum value of an A/D conversion 
output is always within the predetermined range and a picture 
having its high gradation and reproducibility can be stably 
read. 
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[Scope of Claim for a Patent] 

[Claim 1] A picture reader capable of obtaining picture data 
by emitting light from a light source and reading an original, 
said apparatus characterized by comprising light quantity 
control means for controlling a light quantity of said light 
source so that a maximum value of data obtained by converting 
to a digital signal, an output of said Image sensor when a 
reference white base Is read, by means of an A/D converter, falls 
within a predetermined range, wherein said reference white base 
is read before starting said original read operation or at a 
predetermined timing, and, when the maximum value of the output 
of said A/D converter is outside the predetermined range, the 
light quantity is reset with respect to said light source, 
[Claim 2] A picture reader as claimed in claim 1, 
characterized in that, while a light emission color of a light 
source is changed, plural times of reading are performed by an 
image sensor, thereby making it possible to obtain color picture 
data; and wherein said light quantity control means reads said 
reference white base for each of the light sources, and, when 
the maximum value of the output of said A/D converter is outside 
the predetermined range, resets the light quantity with respect 
to said light source. 

[Claim 3] A picture reader as claimed in claim 1 or claim 2, 
characterized in that said light quantity control means 
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controls a light quantity by controlling a lighting-up time of 
said light source. 

[Claim 4] A picture reader as claimed in claim 1 or claim 2, 
characterized in that said light quantity control means 
controls a light quantity by controlling a value of a current 
fed to said light source. 

[Claim 5] A picture reader as claimed in claim 3 for, in one 
accumulation period of said image sensor, performing reading 
in a monochrome mode by sequentially switching and illuminating 
light sources at a rate equal to a lighting-up time of each of 
the light sources in a color mode for a shorter time than the 
lighting-up time in the color mode, said picture reader 
characterized in that said light quantity control means, when 
reading is performed in said monochrome mode, reads said 
reference white base in accordance with a lighting technique 
in said monochrome mode before starting said original read 
operation or at a predetermined timing, and, if the maximum 
value of the output of said A/D converter is outside the 
predetermined range, resets the lighting-up time with respect 
to each of the light sources . 

[Claim 6] A picture reader as claimed in any one of claims 
1 to 5, characterized in that there is further provided 
notification means for, even if the light quantity of said light 
source is reset by said light quantity control means, the 



- 4 - 



maximum value of the output of the A/C converter obtained when 
said reference white base is read is outside the predetermined 
range, notifying to a user that a reading part fails. 
[Claim 7] A picture reader as claimed in any one of claims 
1 to 6 , characterized in that verification and resetting of the 
light quantity of said light source by said light quantity 
control means and updating of shading correction data are 
performed simultaneously. 

[Claim 8] A picture reader as claimed in any one of claims 
1 to 7, characterized in that, when said original read operation 
is started, if said original is already at a read position, the 
resetting of the light quantity by said light quantity control 
means is not provided. 

[Claim 9 ] A picture reading method for obtaining picture data 
by emitting light from a light source and reading an original, 
said method characterized by comprising the steps of: 

reading a reference white base for each of light sources 
before starting an original read operation or at a predetermined 
timing; 

verifying whether or not a maximum value of an A/D 
conversion output of said image sensor falls within a 
predetermined range; and 

if the maximum value is outside said predetermined range, 
resetting a light quantity of the light source which is outside 
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the range so as to be Included In said predetermined range. 
[Claim 10] A picture reading method as claimed In claim 9, 
characterized In that the light quantity of said each light 
source Is controlled by controlling the llghtlng-up time of said 
each light source. 

[Claim 11] A picture reading method as claimed In claim 9, 
characterized In that the light quantity of said each light 
source Is controlled by controlling a value of a current fed 
to said each light source. 

[Claim 12] A picture reading method as claimed In claim 10, 
for. In one accumulation period of said Image sensor, performing 
reading In a monochrome mode by sequentially switching and 
Illuminating light sources at a rate equal to a lighting-up time 
of each of the light sources in a color mode for a shorter time 
than the llghtlng-up time in the color mode, said reading method 
characterized in that, when reading is performed in said 
monochrome mode., said reference white base Is read in accordance 
with a lighting technique in said monochrome mode before 
starting said original read operation or at a predetermined 
timing, and, if the maximum value of the output of said A/D 
converter is outside the predetermined range, the lighting-up 
time is reset with respect to each of the light sources . 
[Claim 13] A picture reading method as claimed in any one of 
claims 9 to 12, characterized in that, even if the light quantity 
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of said light source Is reset by said light quantity control 
means, the maximum value of the output of the A/C converter 
obtained when said reference white base Is read Is outside the 
predetermined range, notifying to a user that a reading part 
falls . 

[Claim 14] A picture reading method as claimed in any one of 
claims 9 to 13 , characterized in that verification and resetting 
of the light quantity of said light source by said light quantity 
control means and updating of shading correction data are 
performed simultaneously. 

[Claim 15] A picture reading method as claimed in any one of 
claims 9 to 14, characterized in that, when said original read 
operation is started, if said original is already at a read 
position, the resetting of the light quantity by said light 
quantity control means is not provided. 

[Claim 16] In a picture reader capable of obtaining color 
picture data by performing plural times of reading by an image 
sensor while a light emission color of a light source is changed, 
a computer -readable recording medium characterized in that a 
program is recorded for having a computer function as light 
quantity control means for reading a reference white base for 
each light source before starting read operation of an original 
or at a predetermined timing; verifying whether or not a maximum 
value of an A/D conversion output of said image sensor falls 
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within a predetermined range; and, if the maximum value is 
outside said predetermined range, resetting a light quantity 
of the light source which is outside the range so as to be 
included in said predetermined range. 

[Claim 17] A computer-readable recording medium as claimed in 
claim 16, characterized in that control of the light source by 
said light source control means is performed by controlling a 
lighting-up time of each light source. 

[Claim 18] In the picture reader for, in one accumulation 
period of said image sensor, performing reading in a monochrome 
mode by sequentially switching and illuminating light sources 
at a rate equal to a lighting-up time of each of the light sources 
in a color mode for a shorter time than the lighting-up time 
in the color mode, a computer- readable recording medium as 
claimed in claim 17 , characterized in that a program is recorded 
for causing said light quantity correction means to function 
so as to, when reading is performed in said monochrome mode, 
read said reference white base in accordance with a lighting 
technique in said monochrome mode before starting said original 
read operation or at a predetermined timing, and, if the maximum 
value of the output of said A/D converter is outside the 
predetermined range, so as to reset the lighting-up time with 
respect to each of the light sources . 
[Detailed Description of the Invention] 
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[0001] 

[Technical Field to Which the Invention Pertains] 

The present Invention relates to a picture reader, a 
picture reading method, and a recording medium. In particular. 
It relates to a lighting control technique of each light source 
In a facsimile apparatus having three-color light sources R, 
and B (Red, Green, and Blue) and having a picture reading 
part which enables color reading by switching the light emission 
colors of these light sources . 
[0002] 
[Prior Art] 

Conventionally, at a picture reading part such as a 
facsimile apparatus, an output of an image sensor represented 
by a CCD or the liJce is converted to digital data by means of 
an A/D converter; a picture is transferred to a picture 
processing part; and the transferred picture is appropriately 
processed, thereby effecting picture reading. The picture 
reading part proposed therein is structured so as to perform 
color reading by switching the three-color light sources R, G, 
and B to emit light. 
[0003] 

At such color reading part , there is a difference in light 
quantities of the three-color light sources, and there is 
dispersion in individual sensitivities of image sensors. Thus, 
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a difference occurs in picture signal level outputted from an 
image sensor even during the seune lighting-up time depending 
upon a combination between a light source and the image sensor 
for each of the three colors. In this case, a voltage output 
of the image sensor may exceed a convertible range of an A/D 
converter. 
[0004] 

In order to efficiently use a dynamic range of the A/D 
converter, contrivance is provided to control a lighting-up 
time or the like of each light source in one accumulation period 
of the image sensor so that a maximum value of an output of the 
image sensor obtained when a reference white base is read falls 
within a predetermined range. 
[0005] 

[Problem to Be Solved by the Invention] 

In the above -described prior art, however, the 
lighting-up time of each light source is determined in a process 
for production of a picture reading part or determined by 
operation of service personnel of a manufacturer or a sales 
office and the like. Once the lighting-up time is set, read 
operation is performed in accordance with the lighting-up time. 
[0006] 

The light quantity of the light source and the sensitivity 
of the image sensor have their own temperature characteristics. 
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and have suffered from a problem set forth below. That is, when 
a read operation is performed under an environment which is 
greatly different from when the lighting-up time is set, a 
difference occurs in output level of the image sensor. When 
the output level is shifted to be lower, the dynamic range of 
the A/D converter cannot be used efficiently, and gradation is 
lowered. In contrast, if the output level is shifted to be 
higher, the A/D converter overflows, and a picture is whitened. 
[0007] 

Likewise, if a light source deteriorates and the light 
quantity drops, there has been a problem that the output level 
of the image sensor is lowered, and the gradation is lowered. 
[0008] 

The present invention has been made in order to solve the 
above -described problems . It is a primary object of the present 
invention to provide a picture reading part capable of stably 
achieving high gradation and reproducibility even if an output 
level of an image sensor fluctuates due to a change in equipment 
use condition or age deterioration. It is a secondary object 
of the present invention to provide a picture reading part 
capable of stably achieving high gradation and reproducibility 
even at the time of color mode reading. It is a third object 
of the present invention to achieve adjustment of a light 
quantity of each light source by a simple method. It is a fourth 
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object of the present Invention to enable adjustment of a light 
quantity of each light source while averaging the density of 
each reading line • It is a fifth object of the present invention 
to provide a picture reading part capable of stably achieving 
high gradation and reproducibility even at the time of 
monochrome mode reading. It is a sixth object of the present 
invention to cope with a case in which a sufficient image sensor 
output cannot be obtained in a light quantity adjustment range 
due to an image sensor deterioration or failure . It is a seventh 
object of the present invention to achieve smooth read operation 
without taking a redundant time for light quantity check. It 
is an eighth embodiment of the present invention to avoid 
mistaken adjustment of a light quantity. 
[0009] 

[Means for Solving the Problem] 

In order to achieve the above -de scribed objects^ the 
present invention is provided as follows. For example, 
whenever original read operation is performed, a reference 
white base is read prior to starting reading of the original. 
At this time, it is verified whether or not a maximum value of 
picture data outputted from an A/D converter 16 falls within 
a predetermined range. If the maximum value falls within the 
predetermined range, the original read operation is performed 
by illuminating light sources with a light amount without change . 
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In the meantime, if the maximum value Is outside the 
predetermined range, a light quantity of a light source which 
Is outside the range Is adjusted again. With this arrangement, 
even If an output level of an Image sensor fluctuates due to 
an equipment use environment change or due to age deterioration, 
such fluctuation Is corrected whenever the original is read, 
[0010] 

[Embodiments of the Invention] 

Hereinafter, one embodiment of the present Invention will 
be described with referring to the accompanying drawings . Fig. 
1 is a block diagram showing an exemplary arrangement of a 
reading control part of a facsimile apparatus which Implements 
a picture reader according to the present invention. 
[0011] 

In Fig . 1 , reference numeral 1 denotes a control part which 
controls a whole operation of the facsimile apparatus and 
controls the whole operation of the facsimile apparatus in 
accordance with programs loaded in a ROM, not shown. Reference 
numeral 2 denotes an oscillator which generates a reference 
clock for operation of the above control part 1. Reference 
numeral 3 denotes a red (R) LED; reference numeral 4 denotes 
a green (G) LED; reference numeral 5 denotes a blue (B) LED; 
reference numerals 6, 7, and 8 denote transistors for driving 
(illuminating) the individual color LEDs 3,4, and 5; reference 
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numerals 9, 10, and 11 denote limiting resistors of the 

individual color LEDs 3, 4, and 5. 

[0012] 

Reference numeral 12 denotes a motor driver; reference 
numeral 13 denotes a motor for transferring an original to be 
read; reference numeral 14 denotes an image sensor represented 
by a CCD or the like; reference numeral 15 denotes an eimplif ier; 
reference numeral 16 denotes an A/D converter; reference 
numeral 17 denotes a one-pixel transfer clock; reference 
numeral 18 denotes a line synchronization signal dependent upon 
an accumulation time of the image sensor 14; reference numeral 
19 denotes a picture signal outputted from the image sensor 14; 
and reference numeral 20 denotes a picture signal converted to 
digital data by means of the A/D converter 16. 
[0013] 

First, an operation in a color reading mode and a method 
of determining the lighting-up time of each color light source 
will be described here. When ports PO, PI , and P2 of the control 
part 1 attain a high level, power is supplied between a collector 
and an emitter of transistors 6, 7, and 8 connected to their 
respective ports; a current is fed to each of LEDs 3, 4, and 
5, and then, each of these LEDs is lit. 
[0014] 

Fig. 2 shows a light -up timing of each of the LEDs, 3, 
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A, and 5 when color reading Is performed. When color reading 
is performed, it is necessary to obtain a picture signal 19 of 
a component of each of R, G, and B with respect to one reading 
line. Thus, the control part 1 switches each of the light 
sources R, G. and B whenever a line synchronization (SH) signal 
18 is outputted (the ports PO, PI, and P2 are synchronized with 
the SH signal 18 and are sequentially set at a high level) . Then, 
a picture signal 19 is obtained when each of the LEDs 3, 4, and 
5 is lit. 
[0015] 

When lighting of three colors terminates with respect to 
one line (when three-color original reading terminates), the 
control part 1 issues a trigger to the motor driver 12, and 
advances an original by one scanning line density. By repeating 
this , color original is reading by one page . 
[0016] 

The picture signal 19 outputted from the image sensor 14 
is amplified by the amplifier 15 and thereafter, converted to 
a digital signal by sample holding with a timing of the transfer 
clock 17 in the A/D converter 16. In the present embodiment, 
an 8-bit A/D converter is used, and thus, 8-bit digital data 
per pixel is obtained. Further, 256 -level gradation 
expression is possible because the 8 -bit digital data is 
available . 
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[0017] 

The picture data 20 converted to the digital data and 
Inputted to the control part 1 Is subjected to picture 
processing such as shading correction or yconverslon, and data 
processing Is Implemented according to Its purpose. At this 
time. If the level of the picture signal Inputted to the A/D 
converter 16 Is too high, the A/D converter 16 overflows, and 
valid data cannot be obtained. In contrast. If the picture 
signal level Is too low, the dynamic range of the A/D converter 
16 is not efficiently used, and the gradation Is degraded. 
[0018] 

An output of the above Image sensor 14 Is determined 
depending upon the light quantity of the LED light source or 
the sensitivity of the sensor. There Is a variation 
therebetween, depending upon individual devices. Thus, In 
order to absorb this difference and obtain a predetermined 
output for certain criteria, it is necessary to appropriately 
adjust the light quantity of the LED light source. In the 
present embodiment, the light quantity is adjusted by 
controlling the llghtlng-up time of each of the light sources 
R, G, and B. 
[0019] 

Hereinafter, a method of setting the llghtlng-up time of 
each of the light sources R, G, and B will be described. Fig. 
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3 schematically depicts a relationship among an original base, 
light sources (LEDs 3, 4, and 5), and the image sensor 14. In 
Fig. 3, reference numeral 31 denotes an original base through 
which an original to be read passes; and reference numeral 32 
denotes a reference white base. 
[0020] 

When the light time of each light source is determined, 
first, it is necessary to predetermine a range of threshold 
values which are desired to be taken by the maximum value of 
the output of the A/D converter 16 when the reference white base 
32 is read. Thus range is obtained by experiment or the like 
as being such that, even when any type of original is read, the 
A/D converter 16 never overflows and picture gradation is never 
degraded . 
[0021] 

Referring now to an RLED 3, while no original is present, 
the port PO is set at a high level with a timing of the control 
section 1 issuing an SH signal 18, and lighting of the RLED 3 
is started. Then, the RLED 3 is lit by an appropriate time in 
one period of the SH signal 18. Namely, an output (a picture 
signal) of the image sensor 14 is obtained when red light is 
applied to the reference white base 32. 
[0022] 

Then, the A/D converted picture data 20 is verified. If 
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the maximum value of that data exceeds the preset predetermined 
range, the light ing-up time Is reduced, and the reference white 
base 32 Is read again. This operation Is repeated until the 
maximum value of the data after A/D converted falls within the 
predetermined range. In contrast. If the maximum value of the 
data after A/D converted Is below the predetermined range, the 
light Ing-up time is Increased, and the reference white base 32 
is read again. This operation is repeated until the data after 
A/D converted falls within the predetermined range. 
[0023] 

By the above -described operation, a lighting-up time is 
obtained such that, when the reference white base 32 is read, 
the maximum value of the output of the A/D converter 16 falls 
within the above preset predetermined range. In the example 
of Fig. 2, the lighting-up time of the RLED 3 is represented 
by Tr. 
[0024] 

This lighting-up time is obtained by counting a clock 
(hereinafter, referred to as a lighting-up cloclc) obtained by 
appropriately frequency- dividing the reference clock 17 
generated by the oscillator 2 of the control part 1 by means 
of a counter which is not shown, but is Included in the control 
part 1. When the reference white base 32 is read, the count 
value is stored in a RAM which is not shown, such that the maximum 
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value of the output of the A/D converter 16 falls within the 
above predetermined range. Further, the read data concerning 
the reference white base 32 is stored in the RAM as red shading 
correction data. 
[0025] 

vnien an original is actually read under red light emission, 
the SH signal 18 is issued from the control part 1 and the port 
PO is set at a high level. The lighting-up clock is counted 
by the above counter. When this counted clock matches the count 
value stored in the above RAM, the port PO is reset at a low 
level . 
[0026] 

In respect of a GLED 4 and a BLED 5, the lighting-up times 
(represented by To and Tb, respectively, in the example of Fig. 
2) are obtained by performing similar operation, and the 
obtained times are stored in the RAM. Simultaneously, the read 
data concerning the reference white base 32 is stored in the 
RAM as data for green and blue shading correction. 
[0027] 

vnien an original is actually read under a green or blue 
light emission, the SH signal 18 is issued from the control part 
1 and the port PI or P2 is set at a high level. Then, the 
lighting-up clock is counted by the above counter. When this 
counted clock matches the count value for green or blue stored 
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in the above RAM, the port PI or P2 is reset at a low level. 
[0028] 

Fig, 4 is a flowchart showing an exemplary process of 
determining the lighting-up time of each of the LEDs 3, 4, and 
5. The method of determining the lighting-up time will be 
described again with referring to Fig. 4. First, at step SlOl, 
a mciximum value of a permissible lighting-up clock count value 
is set in the RAM. After the setting of the meiximum value is 
completed, the routine proceeds to step S102 in which one waits 
until the SH signal 18 is issued. With a timing of issuing the 
SH signal 18, the routine proceeds to step S103 in which an LED 
is lit. 
[0029] 

At next step S104, a light-up clock counter is monitored. 
When the counted clock is equal to the count value set in the 
RAM, the routine proceeds to step S105 in which an LED is turned 
OFF. Further, at step S106, one waits until a next SH signal 
18 is issued. When the signal is issued, the routine proceeds 
to step S107. At the step S107, picture data is read out, the 
picture data being output ted from the image sensor 14 between 
the steps S103 to S105, and then, the readout data is 
sequentially outputted after converted to digital data. 
[0030] 

At step S108, the above readout image data is stored in 
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a predetermined area of the RAM. At next step S109, it is 
verified whether or not the maximum value of the picture data 
stored in the RAM at the step S108 falls within a predetermined 
range. If not, the routine proceeds to step Sill, in which the 
count value which has been set in the RAM is reduced by 1, and 
the reduced count value is set in the RAM. Then, the routine 
reverts to the processing of the step S102. 
[0031] 

In contrast , when it is determined that the mciximum value 
of the picture data falls within the predetermined range at the 
step S109, it is determined that the count value is optimal. 
At step SllO, the determined count value is stored in the RAM, 
and subsequently, the stored value is defined as the LED 
lighting-up time during color reading. Finally, the picture 
data stored in the RAM at the step S108 is obtained as shading 
correction data at that light source. The above process is 
common to the light sources R, G, and B. 
[0032] 

Now, an operation of performing original reading will be 
described here. After an original is set on an original reading 
base 31 of Fig. 3, and an operation of starting reading is 
performed, the reference white base 32 is read for each of the 
light sources R, G, and B prior to transporting the original 
to a read position. Then, it is verified whether or not the 
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maximum value of the picture data after A/D converted falls 

within a predetermined range. 

[0033] 

When the maximum value of the picture data obtained when 
the reference white base 32 which has been read for each of the 
light sources is included within the predetermined range, that 
image data is stored again in the RAM as shading correction data 
(the shading correction data at the time of the previous reading 
is updated). Then, a reading motor 13 is driven to transport 
the original to the read position, and picture reading is 
performed at the preset lighting-up time. 
[0034] 

In contrast, if the maximum value of the picture data 
obtained when the reference white base 32 is read is outside 
the predetermined range for any one of the light sources , an 
appropriate lighting-up time is obtained again by the 
above -described method with respect to the light source which 
is outside the range. When the lighting-up time is determined, 
the lighting-up time and the picture data concerning the 
reference white base 32 is stored in the RAM as shading 
correction data. With respect to the light source in which the 
maximum value of the picture data obtained when the reference 
white base 32 is read, only the shading correction data is 
updated. Thereafter, the reading motor 13 is driven to 
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transport the original to the read position^ and picture reading 
Is started based upon the newly set llghtlng-up time. 
[0035] 

Even If adjustment Is performed within the permissible 
range of the llghtlng-up time of the light source. If the meuclmum 
value of the picture data obtained when the reference white base 
32 Is read Is outside the predetermined range. It Is detezrmlned 
that the maximum value of the picture data falls . If the picture 
reader or a display part or recording means (not shown) of the 
reader Is a peripheral of a personal computer, the fact Is 
notified to the user by using the display part or the like of 
the personal computer. 
[0036] 

When operation of starting reading Is performed. If the 
above -described operation of correcting the llghtlng-up time 
Is perf ormed In the case where an original has already reached 
a read position, the original Is read Instead of the reference 
white base, and then, the correction operation Is performed. 
Thus, needless to say. It Is Impossible to obtain a correct 
llghtlng-up time. In order to avoid this. If the original has 
already reached the read position, the above llghtlng-up time 
correction operation Is not performed, and original reading Is 
performed by using llghtlng-up time data and shading correction 
data stored In the RAM. 
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[0037] 

Figs, 5 and 6 are flowcharts showing the above -described 
original reading operation. Hereinafter, the operation of 
starting original reading will be described again with 
referring to Figs. 5 and 6. First, at step S201 of Fig. 5, an 
original is set on an original reading base 31 by an operator, 
and it is verified whether or not the operation of starting 
reading is performed. When the operation of starting reading 
is performed, the routine proceeds to step S20 in which it is 
verified whether or not the original has already reached the 
read position. 
[0038] 

If not, the routine proceeds to step S203 in which the 
RLED 3 is lit for a time stored in the RAM, and the reference 
white base 32 is read. Then, at step S204, the obtained picture 
data is stored in a predetermined area of the RAM as shading 
correction data in red reading mode. Next, at step S205, it 
is verified that the mcixlmum value of the picture data stored 
in the RAM at the step S204 falls within a predetermined range. 
[0039] 

If the maximum value of the picture data is outside the 
predetermined range, the routine proceeds to step S206 in which 
the lighting-up time of the RLED 3 is reset by the method shown 
in the flowchart of Fig. 4. When it is determined that the 
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resetting of the lighting-up time of the RLED 3 has completed 
at step S207, the routine proceeds to step S208 in which the 
reference white base 32 is read by a 6LED 4 as is the case with 
the RLED 3 . If it is determined that the maximum value of the 
picture data falls within the predetermined range at the step 
S205, the routine proceeds to step S208 in which the reference 
white base 32 is read by the GLED 4 without resetting the 
lighting-up time. 
[0040] 

Subsequently, as is the case with the RLED 3 , at step S209 , 
the picture data obtained when the reference white base 32 is 
read by the GLED4 is stored in a predetermined area of the RAM 
as shading correction data in a green reading mode. Next, at 
step S210, it is verified whether or not the maximum value of 
the picture data stored in the RAM falls within a predetermined 
range . 
[0041] 

If the maximum value of the picture data is outside the 
predetermined range, the routine proceeds to step S211 in which 
the lighting-up time of the GLED 4 is reset by the method shown 
in the flowchart of Fig. 4. When it is determined that the 
resetting of the lighting-up time of the GLED 4 has been 
completed at step S212, the routine proceeds to step S213 in 
which the reference white base 32 is read by a BLED 5. When 
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it is deterrnined that the mcucimum value of the picture data falls 
within the predetermined range at the step S210, the routine 
proceeds to step S213 without resetting the lighting-up time 
in which the reference white base 32 is read by the BLED 5. 
[0042] 

At Step S214, the picture data obtained when the reference 
white base 32 is read at the step S213 is stored in a 
predetermined area of the RAM as shading correction data in a 
blue reading mode. Next, at step S215 of Fig. 6, it is verified 
whether or not the maximum value of the picture data stored in 
the RAM at the step S214 falls within a predetermined range. 
[0043] 

If the maximum value of the picture data is outside the 
predetermined range, the routine proceeds to step S216 in which 
the lighting-up time of the BLED 5 is reset by the method shown 
in the flowchart of Fig. 4. When it is determined that the 
resetting of the lighting-up time of the BLED 5 has completed 
at the step S217 or when it is determined that the maximum value 
of the picture data falls within the predetermined range at the 
step S215, the routine proceeds to step S218 in which the reading 
motor 13 is driven to transport an original to a read position. 
Further, the routine proceeds to step S219 in which reading of 
the original is started. 
[0044] 
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If the original has already reached the read position at 
the step S202 of Fig. 5, the verification and resetting of the 
lighting-up time and updating of shading correction data as 
described above are not performed. Instead, the routine jumps 
to step S219 in which reading of the original is started 
immediately - 
[0045] 

Even if adjustment is performed in the variable range of 
the lighting-up time of each light source at the step S207 of 
Fig. 5, at the step S212, and at the step S217 of Fig. 6, if 
the maximum value of the picture data obtained when the 
reference white base 32 is read, any of the LED light sources 
3, 4, and 5 or the image sensor 14 may fail. In this case, the 
routine proceeds to step S220 in which an error is displayed 
by a display part or the like of the picture reader. 
[0046] 

Now, a read operation in a monochrome mode such as 
facsimile transmission will be described. VHien reading is 
performed in a monochrome mode in a reading system having 
three-color light sources R, G, and B, in the present embodiment, 
as shown in Fig. 7, the lighting-up time of each of the light 
sources in the color mode obtained by the above -described method 
is reduced to 1/3. Then, the R, G, and B color light sources 
are sequentially switched and lit within one accumulation 
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period (during one period of SH signal 18) of the image sensor 
14. 

[0047] 

In this case also, like reading in a color mode, the 
reference white base 32 is read by the lighting method in a 
monochrome mode prior to starting original reading, and it is 
verified whether or not the maximum value of the picture data 
after A/D converted falls within a predetermined range. When 
the mciximum value of the picture data falls . within the 
predetermined range, the picture data is stored again in the 
RAM as shading correction data (the shading correction data 
obtained during previous reading is updated) . Then, an 
original is transported to a read position, and picture reading 
is started at a preset lighting-up time. 
[0048] 

In contrast, if the maximum value of the picture data is 
outside the predetermined range, an appropriate lighting-up 
time is obtained again for each of the light sources R, G, and 
B. This operation is Identical to the step of obtaining the 
lighting-up time of each of the light sources in a color mode. 
Then, the thus obtained lighting-up time of each of the light 
sources is reduced to 1/3; the reference white base 32 is read 
again in the monochrome mode; and shading correction data is 
updated by the picture data. Thereafter, the original is 
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transported to the read position, and picture reading is started 

in accordance with a new lighting-up time. 

[0049] 

In the case of the monochrome mode, like the color mode, 
even if the maximum value of the picture data obtained when the 
reference white base 32 is read is outside the predetermined 
range, it is determined that the image sensor 14 fails. If the 
picture reader or the display part or recording means (not 
shown) of the reader is a peripheral of a personal computer, 
the fact is notified to the user by using the display part or 
the like of the personal computer. 
[0050] 

When operation of starting reading is performed, if an 
original has already reached a read position, the 
above -described lighting-up time correction operation is not 
performed. Instead, original reading is performed using the 
lighting-up time data and shading correction data stored in the 
RAM. 
[0051] 

Fig. 8 is a flowchart showing the above -described 
original reading operation in the monochrome mode . 
Hereinafter, the operation of starting original reading will 
be described again with referring to Fig. 8. First, at step 
S301, an original is set on an original reading base 31 by an 
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operator^ and it is verified whether or not the operation of 
starting reading has been made. When the operation of starting 
reading is performed, the routine proceeds to step S302 in which 
it is verified whether or not the original has already reached 
the read position. 
[0052] 

If not, the routine proceeds to step S303 in which, by 
the monochrome mode lighting method shown in Fig. 7, the LEDs 
3, 4, and 5 are sequentially lit by 1/3 of the time stored in 
the RAM, and the reference white base 32 is read. Next, at step 
S304, the thus obtained picture data is stored in a 
predetermined area of the RAM as shading correction data 
obtained at the time of reading in the monochrome mode. Next, 
at step S305, it is verified whether or not the maximum value 
of the picture data stored in the RAM at the step S3 04 falls 
within a predetermined range. 
[0053] 

If the maximum value of the picture data is outside the 
predetermined range, the routine proceeds to step S306 in which 
the lighting-up time of each of the LEDs, 3, 4, and 5 is reset 
by the method shown in the flowchart of Fig. 4. When it is 
determined that the resetting of the lighting-up time has 
completed at step S307, the routine proceeds to step S308 in 
which the reference white base 32 is read again by the lighting 
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method in the monochrome mode. At step S309, the read picture 
data is stored in a predetermined area of the RAM as the shading 
correction data obtained at the time of monochrome reading. 
[0054] 

Next, the routine proceeds to step S310 in which the 
reading motor 13 is driven to transport an original to a read 
position. When it is determined that the maximum value of the 
picture data falls within the predetermined range at the step 
S305, the routine jumps to the step S310 without resetting the 
lighting-up time of each of the LEDs 3,4, and 5 , and the original 
is transported to the read position . Then , the routine proceeds 
to step S3 11 in which original reading is started. 
[0055] 

If the original has already reached the read position at 
the step S302 , the verification and resetting of the lighting-up 
time and updating of shading correction data are not performed. 
Instead, the routine jumps to step S3 11 in which original 
reading is started immediately. At the step S307, even if 
adjustment is performed in the variable range of the lighting-up 
time of each of the light sources , if the maximum value of the 
picture data obtained when the reference white base 32 is read 
is outside the predetermined range, any of the LED light sources 
3,4, and 5 or the image sensor 14 may fail. In this case, the 
routine proceeds to step S3 12 in which an error is displayed 
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by a display part or the like of the reader. 
[0056] 

With the above arrangement , even if an output of the image 
sensor 14 fluctuates due to a change in equipment use 
environment or age deterioration, correction can be performed 
whenever an original is read, and high, gradation and 
reproducibility can be always stably achieved. Further, the 
light quantity of each of the LED light sources 3 , 4 , and 5 is 
adjusted by controlling the lighting-up time. Therefore, 
adjustment of the light quantity of each of the light sources 
can be achieved by a simple method. 
[0057] 

In the present embodiment, even at the time of reading 
in a monochrome mode, an output level of the image sensor is 
corrected any time in accordance with a lighting method in the 
monochrome mode . Thus , whenever the monochrome mode or the 
color mode is established, a reading part having high gradation 
and reproducibility can be always stably achieved similarly. 
Further, if the above lighting-up time cannot be corrected 
within the variable range of the lighting-up time due to a 
deterioration or failure of a light source or an image sensor, 
a light source failure or an image sensor failure can be notified 
to the user by displaying the fact . 
[0058] 
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Light source verification, i.e., verification of the 
output level of the image sensor, is performed in the course 
of updating shading correction data. The verification of the 
lighting-up time also serves as a process for updating shading 
correction data. Thus, if there is no need to reset the 
lighting-up time, a time required for starting original reading 
is not extra- taken for light quantity verification, and smooth 
read operation can be achieved without giving the user the sense 
of discomfort . 
[0059] 

Further, if the original has already been at the read 
position when original reading is started, erroneous 
lighting-up time correction can be avoided by disabling 
correction of the above lighting-up time. 
[0060] 

In the above -described embodiment, although the light 
quantity is adjusted by controlling the lighting-up time of the 
light source, the luminance of the light source may be adjusted 
by varying a current value fed to the light source. With this 
structure, the light source is always lit during one 
accumulation period of the image sensor 14, thus making it 
possible to average the density of one reading line. 
[0061] 

In the above -de scribed embodiment, although correction 
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of the lightlng-up time is performed when original reading is 
started (immediately before starting original reading), this 
correction may be periodically performed at a predetermined 
time interval irrespective of the original reading mode or may 
be performed at a predetermined time . With this structure , even 
if an output of the image sensor 14 fluctuates, correction of 
the light quantity terminates at the time of original reading, 
thus making it possible to smoothly perform original reading. 
[0062] 

Although the present invention has been described with 
respect to the reading part capable of color reading, a similar 
advantageous effect can be attained by means of a similar 
control with respect to a reading part which performs only 
monochrome reading using a single-color light source. 
[0063] 

(Other Embodiments of the Present Invention) 

The present invention may be applied to an apparatus 
comprised of a plurality of devices (such as, a host computer, 
an interface device, a reader, a printer, a scanner, and a 
facsimile apparatus, for example). 
[0064] 

The present invention is encompassed within the scope of 
the invention when it is achieved by: supplying a program code 
of software for achieving the above -de scribed embodied 
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functions, to a computer in an apparatus or a system connected 
to various devices so as to operate the various devices in order 
to achieve the functions of the above-described embodiment, and 
then, operating the above -described various devices according 
to the programs stored in that system or equipment ' s computer 
(a CPU or an MPU) . 
[0065] 

In this case, the above software program code per se 
achieves the above -described functions of the embodiment. The 
present invention provides means for supplying the progrcim 
codes to a computer, for exeimple, a storage medium storing such 
program codes. As storage mediums which store such program 
codes, there may be employed a floppy disk, a hard disk, an 
optical disk, a magneto -optical disk, a CD-ROM,, amagnetic tape, 
a nonvolatile memory card, and a ROM. 
[0066] 

Needless to say, such program codes are encompassed 
within the embodiments of the present invention, not only when 
the above -described embodied function is achieved by combining 
an OS (an Operating System) in which such program codes operate 
in a computer or other application software components , but also 
when the above -described embodied function is achieved by 
executing the program codes supplied to the computer. 
[0067] 
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Further, needless to say, the present invention includes 
a case in which, after the supplied program codes are stored 
in a memory provided on a computer function upgrading board or 
a function upgrading unit connected to the computer, a CPU or 
the like provided in the function upgrading board or function 
extension unit executes all or part of actual processing based 
on an instruction from the program codes; and the embodied 
function is achieved by that processing. 
[0068] 

[Advantageous Result of the Invention] 

As discussed in a detailed manner, according to the first 
invention of the present application, the invention is capable 
of: reading a reference white base prior to starting original 
reading operation when executing original reading operation or 
at a predetermined timing; verifying whether or not a maximum 
value of image data after A/D converted falls within a 
predetermined range; if the maximum value falls within the 
predetermined range, reading an original without changing a 
light quantity; and if the maximum value is outside the 
predetermined range, retry adjustment of a light quantity of 
a light source. Thus, even if an output level of an image sensor 
fluctuates due to a change in equipment use environment or age 
deterioration, the fluctuation is corrected whenever an 
original is read, making it possible to always stably read an 
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image having high gradation and reproducibility. 
[0069] 

According to the second invention, while a light emission 
color of a light source is changed, plural times of reading are 
performed by an image sensor, thereby obtaining color picture 
data, so that the above verification and resetting are provided 
on a one by one light source basis. Thus, even during reading 
in a color mode , reading with high gradation and reproducibility 
can be always stably achieved. 
[0070] 

According to the third invention, the light quantity of 
a light source is adjusted by controlling the lighting-up time 
of the light source, thus making it possible to adjust the light 
source with a simple structure. 
[0071] 

According to the fourth invention, the light quantity of 
a light source is adjusted by controlling a current value fed 
to the light source, thus making it possible to adjust the light 
quantity of each light source while averaging the density of 
each reading line. 
[0072] 

According to the fifth invention, at the time of reading 
in a monochrome mode , a reference white base is read by a lighting 
technique in the monochrome mode so as to reset the light 
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quantity of each light source in order to correct the output 
level of the image sensor based on a result of the reading. Thus , 
it is possible to always stably perform reading with high 
gradation and reproducibility even at the time of reading in 
the monochrome mode. 
[0073] 

According to the sixth invention, even if the light 
quantity of the light source is reset, if the maximum value of 
the output of the A/D converter, obtained when the reference 
white base is read, is not included in a predetermined range, 
it is notified to the user that a reading part fails. Thus, 
if a sufficient image sensor output cannot be obtained in the 
permissible range of adjustment of the light quantity, if the 
picture reader is a peripheral of a personal computer, a reading 
part failure can be notified to the user by using a display part 
or the like of the personal computer. 
[0074] 

According to the seventh invention, verification and 
resetting of the light quantity of a light source and updating 
of shading correction data are performed simultaneously, thus 
making it possible to achieve smooth read operation without 
taking an extra time for verification of the light quantity. 
[0075] 

According to the eighth invention, if an original has 
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already reached at a read position when original reading 
operation Is started, light quantity resetting Is not performed* 
This makes It possible to preclude Inconvenience of reading an 
original other than a reference white base and performing light 
quantity adjustment and to avoid erroneous light quantity 
correction* 

[Brief Description of the Invention] 
[Fig. 1] 

Fig . 1 Is a block diagram showing an exemplary arrangement 
of a reading control part of a facsimile apparatus Implementing 
an Image reader according to the present Invention. 
[Fig. 2] 

Fig. 2 Is a timing chart showing a light-up timing of each 
of LEDs when an original is read in a color mode. 
[Fig. 3] 

Fig. 3 is a view schematically depicting a relationship 
among an original name, light sources, and an image sensor. 
[Fig. 4] 

Fig. 4 is a flowchart showing an exemplary process for 
determining a llghting-up time of each LED light source. 
[Fig. 5] 

Fig. 5 is a flowchart showing an exemplary llghting-up 
time correction operation when original reading is started in 
a color mode. 
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[Fig. 6] 

Fig. 6 Is a flowchart showing an exemplary llghtlng-up 
time correction operation when original reading is started in 
a color mode. 
[Fig. 7] 

Fig. 7 is a timing chart showing a light-up timing of each 
LED light source when an original is read in a monochrome mode. 
[Fig. 8] 

Fig. 8 is a flowchart showing an exemplary lighting-up 
time correction operation when original reading is started in 
a monochrome mode. 

[Reference Numerals] 

1 Control part 

2 Oscillator 

3 Red (R) LED 

4 Green (G) LED 

5 Blue (B) LED 

6 , 7 , 8 Switching transistors 

9, 10, 11 Limiting resistors of each LED 

12 Motor driver 

13 Motor 

14 Image sensor 

15 Amplifier 
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16 A/D converter 

17 Transfer clock for one pixel 

18 Line synchronizing signal 

19 Picture signal 

20 Picture signal converted to digital data 

31 Original base 

32 Reference white base 
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[Fig. 4] 
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i/T*JK- h P 0 U-</U{c: LT R L E D 3 co^.^tf^ 

r^^L. SHjf-^l 8(^lii^(0^f T'S^n^^f^fcJtR 

LED3^^.:fT-r^o »9 . 3 2 |c#fec07fe 

[0 0 2 2] LT. AXD^m^tL/ciU^x-i5^ 2 O 

50 fj\-^<Dmm^m^x\^^tzh. ^.n^f^^mh\^x^&m 
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[0 0 2 3] :L<Dx^^mm^x^ . mm&ms 2^m 

^^^h. m2<DmX'\'t. rORLED 3(O^.^T^F«1t^ 
[0 0 2 4] r(D.#.;fcTB#r«1{i. ^H^^ 1 ^^^^T" 2 <t 

'>:n -r' > i/MjE^ X - ^ t L r R A MtdlEIS-*- 
[0 0 2 5] mi^tC*fe^^C7)TT*J[^.*gOgg;z^^ t) ^tf 
— h P 0 ^^N-Y u-<yufcL. ±.m:^^:y^\:LX^X,^.n 
T*5V^fc;^7 MSi:— ScLfc^jK" h P 0 -^ci r> 

[0 0 2 6] GLED4:|oJ:a^BLED5{;ioV>Tt)[Rl 
Tg j3j:u!TB Sr5|ta6. RAMt;ifBit-r 

[0 0 2 7] %mz.u^^^^^^n.^^^%<DTxwM(o 

fir^ <b *>(C7i^— hP lfc^l^^ip 2^-/N-Y u^/KcL. 

LT, ±iaR AM{C|StgLT*5l>/c^fefflfc5V>fi#fe 
ffico;^ hM«h-ifi:Lfcib^-- hP 1 fc'5V^flP 2^ 

[0 0 2 8] I2]4fi. ±|2^LED3, 4. 5C0^.;tTP# 

5o ::<7)[gl4^fflVNT,-^.jlT^rp1co^^:*'fe^^SI$^9^i- 

<0;^ hfioft^^ft^R AM(c-ir hi"^, ft±fflO 
ir:y h;^»5|l*^o/ce>. ^7"5/:/S 1 0 2XSW\^^\ 8 

T*;^7^:yrs 1 0 3 JCif/uT* L E D ^.•^.i/Ti-'So 
[0 0 2 9] t^cO^T^ .y:/S 1 0 4 T'l^^.^lT n ^ 
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I^C(C;^^of:if5. X^ivT'S 1 0 5 (CiiA/T'L ED^^^ 
*Ti-^o ^^IC, ^-T-tyys 1 0 6X*^cOSH{f-^l 8 
>6S^^T^tL^O>^#•^, llitf ^nyhP>;^7^5/7^S 10 7 
tCiitr, ;^T-:y:/S 1 0 lX\t. JiiE:^f":y:/S 10 3 
1 0 5(DF«1(C-r ;^>-v?irViM 4;^)^btU;'3$4xA/ 

[0 0 3 0] ^LT. -Xx:y:/S 1 0 S-CilSSc-^^HiL 

fciii^x--i$^^R AMco^^co^y r(cfetti-5o 
10 :^'ryzfs 1 0 ^la^^T'^ys i o 8 tram 

V^6;6>i:'^9:0^^fl-<. 0fSco|QlSF^tcAoTV^/^i■t:h. 
1^. ^T^^^r/S 1 1 1 tcilA/T^fx^r-RAMCi-tr y h 
^tiTV^/c;^ Mil^lo^CTRAMfCiry h L> 
>?^x^;/:/S 1 0 2<D^m\cm^o 
[0 0 3 1 ] — ±fE;^7'.y:/S 1 0 9Xm^f—^ 

ti. ^(r>t^(D^^i^hm.t^^mm,x^^tmm\^x^ 

Ty^S 1 1 O-CRAMtCfEfjiL. U.^tiv—m^^^ 

1 0 8T'RAM^c|SttL/c^i^^^-^;^^ -?:(O3fe^r'C0 
R, G, B(^#3te^^jroV>T#^ilT*fc'5o 

[0 0 3 2] wM(Dm^Wi'o^n^ t^o:>W}mz 

^m^WLV&m^mm-r^m^z. r, g, Bo^^fe^r 

t^cmm&ms 2<Dm^n^^n^\ ^(Dt^(OA/r> 
Mw^o:>m^y'—^<r>m±w.^^m'&<omm^kzx-:>x\^^ 

[0 0 3 3] rrx'. ^ytm^thmm^ms 2^m^^ 

z^mm\.xmM^m^m^{tLm.^xmm\^. 

[0 0 3 4] Rmz. t'ti:^>--:><D^mxh. mm^m 
40 3 2 ^m^^ ^fct^ (Dwrn'r— ^ (r)m±m:^m'^<Di& 

mxmmm^iEf^mTm^^^-^^^o ^lt. ^.:iTB#r«i;i>^ 

2 (DmiMiy^—^^i^=^—f^ lyif^lEmf—'^ t LTR 
AM(::fElti-6o Si!^eJ^^3 2^g^;^^o/ci^#oiii^ 

1 3^igi!}Lrj!^«^g£;^^t?ffifi 
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[0 0 3 5] t ^m(o^')T^m(om:&'^mi&m^X' 
mMLxh. mm^ms 2^m^Wl.^fzt^<om^'f- 
> hf ^ - co^ ia^Slc 5 m^i-i^^— V -t-yu 3 e :x 

[0 0 3 6] %tz.. mh^'^^m^<om'^t'^f^^f\.fz}i^ 
^ fttz. t ^ {cmm^^m^^ ^ ^ x^ ci^x l * o 

R A M tctatt ^ ixr V ^ -5 ^.^T^rel O 7^— ^ *5 J: v- — 
[0 0 3 7] HIS jo<i:t5EI6fi. ±M\^tL]^M<Dm^m 

(om^is^xy^me ^m^^^xwMm^^ ^ rM^^(Dmmz 

r>\^^X^S[Wim^^o ia5C0^7".y:/S 2 0 1 T% 
^^{^^^{c^oxm^J^L^WM-^s 1 {cj[^SS;OS-fe 5^ h 

[0 0 3 8] m^^^i}Lm:i^zmzWM:^-^X^^tj:nth 

JtRLED3^j^.^TLTSiie«fe3 2 <7)S£;9^l5l 19 ^^T iO 
5o ^Ur> :^y'^yZfS 2 0 4X\ "^(D t ^"^htifcM 

^ t LrRAM<O^S(7):3^y Tt^HEtt-t-So >^7^ 
y^S 2 0 5T% ±i5;^7^:y7^S 2 0 4'CRAM(rfStt 

[0 0 3 9] Cir-C% ®«x-t$^oS::fcfii;dSM^cote!S 
^^^cAoTV^7:^rttt^^^, >^"7'';/>^S 2 0 etcii^, |gl4 
(D:7n2— hJC7j^Lfc::^&*T?R LED ScO^sjfT^r^l 
C0SiS:^^Sr^T9o ^LT. ^^T'yrT'S 2 0 7-eRLED ^0 

3cD,^.:l:T0^rslO??i3::^;6^^TLfcc^4^]^Lfcb. ^7^^/ 
:7"S 2 0 8tCiiA/T\ RLED3(D:»-&i:f^^{;iGLE 
D4T*SmSife3 2c7)^^Sf'9$rfT9o ±fS>^7^ 

5/:/s 2 0 5TM^7^-i5^cDS:^flt;65^^(7)ffiISj^(c:A 

<h?'«^< ;^v^ y:7'S 2 0 8(Cii;2f, G LED4TS2peife 
3 2oa!;^fl5ti9^tT9o 

[0 0 4 0] JL^i^. R'L'E'DZ(Om^tmm^. :^'rv 
>^S 2 0 9r\ .GLED4TS!iS:Nfe3 2 <Oi^;Zf Si t;) ^S: 
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5o ^"ry^S 2 1 0-C\ ±^^y^Tyy'S 2 0 9 

(0 04 1) r:iT\ m^v'-i^com^immMco^m 

^\ZXoX\^^f^i^tl\t. y^'r^yyS2 1 ItCit^^^, HI 4 

0:70— ^-^^htCTF tfc:^?£T*G L E D 4 O^.^tTBtPHl 
(On^'^^n^o -^tLT. ;^t-5^>^S 2 1 2T*GLED 
4(^^.itrB^rBl(;0^5^^;65^TLfct«^L/cb. 

2 1 3tc:3SA/T\ BLED5T*S2^e^3 2 0Bg;^ 
^"O^nOo *yc. ±IS;^7^:y:/S 2 1 OT'Ij^t'— ^ 
(Oft:;^iit75iSp;f^(75f£(Sp^tc Ao -CI <i: 4^J^ Lfc:^-^ 
fi. .^.i*TNFrplo^l9:^^fT9c:i:?:c<;^7^5/>^s 2 1 3 

{-ii^. B LED 5-e^2i&itil3 2CO^;9^^«9 ^tT9o 
[0 0 4 2] -tLT. ^^T^'^T^^S 2 1 4T% JLIS^T^-y 
2 1 3T*S2^&«S3 2^^g;^^oitt#0^i^^'7^- 
TRAM(7)B?^cozny T(c:fSlti-6. lll6co;^7^ 
>;/>^S2 15T% Jite^y^:y:/S 2 1 4T'RAM(C|E1:t. 

[0 0 4 3] :iwT\ m^^—^(r>mi^m^m'&<D^m 

i^tcAoTi^T^^ttnf^. >^v"5':7's 2 1 6fc:ii;zf. 114 

CO:7n— V\^7f^\^fzijmXB LED 5 C7),^.;Jrr^rHl 
0|^ix:^^fT9o ^LT. ^7':y:7"S 2 1 7r*B LED 

H±I5>^X5':/S 2 1 ^xm^'f—^<Dmi^\^tm^(o 
®Oif^(-AoTV^^^*ij^^L/c:f>. ^ »9 02p 

^->5^i 3^igi(iLTll^SrSc^^'9fi:M*-e«B5Hi- 
[0 0 4 4] *fc. Ai^mS(D:^'ry':fS 2 0 2XmM 

^m^WLK>^m.i^xm^^x\^i^-:>x\^^fzm'^\'X. ±m 

i/MiEfflr'-i$^(^MigftitT:b"f. ID 6 '>':7^S 2 1 

[004 5] -^tz. ±fEIH5(^;^7^y:/s 2 0 7 , 
5/:/S 2 1 2. 4o J;u^!g6<o;^x.y:7's 2 l 7-^?. 

U(r>^.'nm^<o-^^mm(o^xm&^rf-:>xhmm^m 

3 2^g!^^':>fc,t#(7)M^7='--^COft:;k:ft75S^^(7)j£ 
Hf^tdA^^^^TS^ofc^-g-f^. #LED^^.3, 4. 5(D 

^ ;'<-v^ir>'iM 4c:o^^:65#;tf>tb^<7:>T% 
"ry^S 2 2 0(ciiA/T•S^g(7)^^^fB^^cJ:oT^^ — 
^^^■t■So 

[0 04 6]»:t;i. yr^iy^')mnm(D^o^j:'^y^ 

x:i^-vxc^m^^^W\m^r>^^^xmnirho r. g, 



(7) 



i^mWl 1 -2 7 5 3 1 0 



[0 0 4 7] Z(Dm^h. :=^7y— KTcO^^gjK}^ 

— :/i/MjEffi7'-^<b LTRAM(CfS^Lii[-r 
ib^tLrv>fc:^'g^H, R, G, B(7>#^isr.:i*<b{-®iE/^ 

[0 0 4 91 ^ 13^— Kc7)^'^t>;^?^--^— Ko^ 

— 1? i23«§f tc -5 ^i-g-fi^"?— y =1 V fc- ^ ^ 
[0 0 5 0] lfg;^^»P^*^c?5^f^;d57:(r^tLfc^ t 

(c, wMA^^^^^i<Lm^xm^^xi.t,^x\^^tim^ 

A M (c tati ^ nr V ^ 5 ^.!It^Pb1 o-t^- j: v — x 

[0 0 5 1] ID8fi. ±5iEL^c^/ KTOl^ffi 

V^T^gU^P^-r^, ^x:y 3 0 1 r% 

^i:ix^xm^^^mm-^3 lizmm^^^-^^y h^n. m 

[0 0 5 2] Wt^^Ki{^Lm:kzLm^WMt^^X\^^fi\'ftL 
»:±\ Xt^-zT'S 3 0 3{Cit;z^, m 7 (C7r:L/z^y 

#LED3, 4. 5 ^|llii$fe,*';la'LTSme±fe3 2cDij^;j^ 



72 



]&^^tT9o ^LT. ;^7":y7'S 3 0 4T\ ^C7)i:#^# 

r'-Y ^^/MiEMx — LTRAMOM^t^^iJ T 
l^fElti-5o 3 0 5T\ ±fS;^x.y:/ 

S 3 0 4T'RAMt;ifBlgL/ciii^X-^^P-<. ^CO* 

[0 0 5 3] :lz.x\' m^y'-^<Dm±m>m'^(omm 
/(? 3, 4, 5 0;§;;tT^ra<os^;e^^5o -^ur. :^y'y 

;^"^:yrs 3 0 8(CilA>T\ Hg^y^u^-KO 

^.;lT;^^-r*smeife3 2cr)g£;2^^(9^ff9. ;^7^5^'7's 

[0 0 5 4 J P^y'yZfS 3 1 0 (Clit^. i^^^ 

^-:^1 3^ig®)LTJF>m^i^^^»?{4m*T'i5i§-r 
So ^fc. IM^f-^yZfS^OBXm^f—^CDm^m. 

20 i)m^<o^m^\^K^x\i^:btmm\.fz,m't\t^ *le 

D3, 4. 5(7).^.;kT^r«10^iS:^^tT^:it7:^<^7^!y 

3 1 oici;^-r>>^u. w.m^m^m^&^^xmm 

[0 0 5 5] *fc. ±.m:^y'yysZ0 2X'WMt^^:^ 



30 x\ ^^m<DM.irf^m(o-^^mm<D^xm^^n^x iy 

mm s i& 3 2 ^m^wi -^tit^ (om^f— ^ <D^-k\m^ 

<DX. 7.'r y':fS3 1 2f;iitAyt?S^H<^^^ep^(c<to 
[0 0 5 6] i^JiCOJ: 9 icIi^fS Alette iloT, 

40 Wi^^'^^'r^:Ltfi^X^^o ^LED3fea^3, 

4, 5(o%m^^.^^mo:>Mm\z.^'oxm^-r^^o\^ 

[0 0 5 7] t.fz.. ^/iJ'n^-KT* 

5(? >-^^co^M^:-^s^^^cJ:oT. ^.;fcTB#rpit^^^t&ffl(^T* 
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[0 0 5 8] ^fc. v'rc-7^^>>/^tjEffi7^-^OMff 

[0 0 5 9] ^btc. J[^.f^c7>^;^^f9r^^^P#{cJ[^.fg;6^a 
[0 0 6 0] /.£:Jb\ ±32liO|IJgff^ffiT-f:i. 5tMcO^,^T^ 

[0 0 6 1] -^ti^ ±M(om:mmmx\t,^ M.^nm<Dm 
(c, ^ihhirit:.m^<o^mx'^mmz.vfo^o\z\^xh 

Xfc:j[^^(7:)g^;^a y)^no:Lt i)^X^ 

[0 0 6 2] :^mm-x:^^—m^y^K^t^'^^t^m 
[00 6 3] {:i^^m(o{^<D'mmMm) :^^m\tm^(o 

m.'w-m. yr^^^^^jmrn 
[0 0 6 4] -^fz. :^mm\'X. i^'mi.fz.'mmmmo^mm 
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[0 0 6 5] ^7t. dcT^^-^, ±iEy :7 h r^^rcDZ/n 
0ij;t l^7J>^;^j^5 "T^D 7 A n - K L/c|2tiiK^$:fi;^ 

-y;^^. Tt^MxV;^^. cd-rom. 

[0 0 6 6 ] ^fz. ^^^'^-^tm'ii^^^fc-y'vi^v 

w\ \.x±M(Dnmmm(omm^m:^ ^ tt-ss-^tc t 

[0 0 6 7 ] ^ ^*&^tL7trn K^O^^ 

fc^Hgte^:=^::^:y Mc{it>5^^y ^ 

[0 0 6 8] 

inX\^^f::Lm^\^im(0%m(Dmm^^ ^ lEi- J: p (c L^c 
^0 [0 0 6 9] ^fc. m2 0^^(Cj:tLtl. ytmcomyt^ 

txi:}y-m^'f—^^m^mmzi^^^x. ±tsco3fca 
vx(Dm^'s^^mxii'^K^'&\.xM\f^mm 
[0 0 7 0] *fc. ^3cD^^(cj:Hf^. ^m.(D%m(o 

[0 0 7 1 ] ^fc. ^4(D^B^{c:J:tLf^. 
50 PS^±i5^^l-»ft-t-m«fit£0*J»tcJ:oTtT9 <i: 5tc 
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J5 

[0 0 7 21 m5(D^mltCXi^l\t. ^/^u^- 

[0 0 7 31 ^fc. m6(o^miicxti\t. ytm<oytm(o 

[0 0 7 41 ^fc. m7<D^mitCXtl^t. %m<0^m(0 
[0 0 7 5] ^fc. ^8(D^0^{rJ:tvf^. J[^f®i^^^»9 
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20 



30 
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[1^3 1 mm-^b%Ut^ ^-'J'ti^^t(Dm%^ni^ 

[IH5 1 :^=7-^-VX(7:>WM(om^y^^fMm\^^\'i 
[lael KT*oi^.fj|co^;z^^l9r?§^0#tc:^ot:l• 
[H 8 I ^ y >^ o \^'Xcoj^M(om^^ V 

1 
2 
3 
4 

5 

6, 
9, 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

1 9 

2 0 

3 1 

3 2 S2pai& 



#fe (R) LED 
m& (G) LED 
(B) LED 
7, 8 y^-^ h^^-'J^^ 
10,11 ^LED<OMmmfi 

•^-^ 

A/D^^^ 



SH ' 

Po 
Pi 
P2 



[i^2] 



[@3] 



3. 4, S 



A 6 
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(^13 




[@4] 



[1^5] 



( START ) 



SI 01 

I t'^> h^(max)-tz h | 



SI 08 

S109 
S110 



C END 3 




3111 




C START } 




jSSLEP-ggmaa^gro h S203 

i 

05 




I O-v^-t^^^ [ -3209 



S207 



S212 
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^^mW'l 1-275310 



S215 




S218 



( END ) 



5216 



>N0 










( END ) 



SH « 



1 



[1171 



J 1 \ L 



Tb : *7-RTO<0«LED<Djfen^ra 
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(12) 
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C STAffT) 




305 
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